Highlights {#S0005}
==========

High expression of circ_0000517 and TXNDC5 and low expression of miR-1296-5p are observed in HCC tissues and cells.Circ_0000517 knockdown suppresses HCC cell viability, cell cycle process and colony formation and promotes apoptosis in vitro and blocks tumorigenesis in vivo.MiR-1296-5p is target of circ_0000517 and circ_0000517 knockdown represses HCC cell progression by targeting miR-1296-5p.MiR-1296-5p overexpression suppresses HCC cell progression via downregulating TXNDC5.Circ_0000517 promotes TXNDC5 expression by sponging miR-1296-5p in HCC cells.

Introduction {#S0001}
============

As a common primary liver cancer, hepatocellular carcinoma (HCC) has been the fourth major cause of cancer-related death in the world.[@CIT0001],[@CIT0002] About three-quarters of HCC are caused by chronic HBV and HCV infections.[@CIT0003] Unfortunately, the survival rate of HCC patients is still unfavorable due to high metastasis and recurrence, though the diagnosis and treatment strategies have been improved.[@CIT0004],[@CIT0005] Thus, it is imperative to explore the mechanisms and new effective therapeutic targets for HCC.

Recently, several non-coding RNAs (ncRNAs), such as circular RNAs (circRNAs) and microRNAs (miRNAs), have been documented to play crucial roles in human cancers.[@CIT0006],[@CIT0007] CircRNAs possess closed-loop structures without 5ʹ cap structure and 3ʹ poly (A) structure and have been proved to be widespread in various eukaryotes.[@CIT0008] Multiple circRNAs have been identified to be involved in the development of HCC. For example, circ_0091570 knockdown facilitated HCC cell growth and motility and repressed apoptosis.[@CIT0009] Circ_0101432 deficiency decelerated HCC progression via suppressing tumor cell growth and invasion and inducing apoptosis.[@CIT0010] Circ_0016788 contributed to HCC cell viability and motility in vitro and tumorigenesis in vivo.[@CIT0011] These reports suggested that circRNAs played dual roles in HCC. Circ_0000517 has been demonstrated to be abnormally high expressed in HCC and related to poor prognosis.[@CIT0012] However, the exact roles and possible molecular mechanisms of circ_0000517 remain unclear.

MiRNAs, another type of ncRNAs (about 22 nucleotides), act as vital regulators in diverse biological processes at the posttranscriptional level through recognizing the 3ʹ untranslated region (3ʹUTR) of target mRNA.[@CIT0013],[@CIT0014] It has been increasingly validated that the aberrant expression of miRNAs plays vital roles in HCC. For example, Lu et al claimed that miR-1470 facilitated cell growth and hampered apoptosis in HCC via interacting with ALX4.[@CIT0015] Yao et al declared that miR-3194-3p was reduced in HCC and its elevation repressed the motility and epithelial--mesenchymal transition (EMT) of HCC by binding to BCL9.[@CIT0016] Moreover, miR-1296 could lessen HCC metastasis and EMT via targeting the SRPK1/AKT pathway.[@CIT0017] However, the underlying mechanisms of miR-1296-5p remain far insufficient. Thioredoxin domain-containing 5 (TXNDC5) belongs to the protein disulfide isomerase family and has been verified to be a positive regulator in diverse cancers, including HCC.[@CIT0018],[@CIT0019] But whether TXNDC5 can be targeted by miR-1296-5p has not been elucidated yet.

In this research, we firstly identified the expression of circ_0000517 in HCC. Then, we explored the possible biological functions and mechanisms of circ_0000517 in HCC cell progression.

Materials and Methods {#S0002}
=====================

Tissues Collection {#S0002-S2001}
------------------

After the work was permitted by the Ethics Committee of China--Japan Union Hospital of Jilin University and written informed consents were signed by all participants, 60 HCC tissues and adjacent normal tissues were harvested from patients diagnosed with HCC at China--Japan Union Hospital of Jilin University. None of the patients received any treatment prior to surgery in our study. The collected samples were saved at −80°C until use.

Cell Culture {#S0002-S2002}
------------

Normal liver cells (THLE-2) were bought from the American Type Culture Collection (ATCC, Manassas, VA, USA) and HCC cells (SNU-387 and Huh7) were bought from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). And Dulbecco's modiﬁed Eagle's medium (DMEM; Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS; Invitrogen) and 1% penicillin-streptomycin (Invitrogen) was used to culture the cells. The medium was placed at 37°C in an incubator with 5% CO~2~.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------

The tissues and cells were lysed in TRIzol reagent (Invitrogen) to isolate total RNA. Then, the RNAs were determined on a NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Next, circ_0000517 was reversely transcribed into complementary DNA (cDNA) with the PrimeScript™ RT reagent Kit (Takara, Dalian, China) and Random primers or Oligo (dt)~18~ primers. MiRNA and mRNA were reversely transcribed into cDNAs with mirVanaTM qRT-PCR miRNA Detection Kit (Ambion, Austin, TX, USA) and PrimeScript™ RT reagent Kit (Takara), respectively. QRT-PCR was performed using SYBR Premix Ex Taq II (Takara). The expression was calculated using the 2^−ΔΔCt^ method and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) or U6 was utilized as an internal reference. The primers were: circ_0000517: (F: 5ʹ-GGGAGGTGAGTTCCCAGAGA-3ʹ and R: 5ʹ-TGGCCCTAGTCTCAGACCTC-3ʹ); RPPH1: (F: 5ʹ-GTCACTCCACTCCCATGTCC-3ʹ and R: 5ʹ-CAGCCATTGAACTCACTTCG-3ʹ); miR-1296-5p: (F: 5ʹ-GTTAGGGCCCTGGCTCC-3ʹ and R: 5ʹ-CAGTGCGTGTCGTGGAGT-3ʹ); TXNDC5: (F: 5ʹ-TCACTGAGGGAGTACGTGGA-3ʹ and R: 5ʹ-AGCAGTGCAGTCTACTTCGG-3ʹ); GAPDH: (F: 5ʹ-ACAACTTTGGTATCGTGGAAGG-3ʹ and R: 5ʹ-GCCATCACGCCACAGTTTC-3ʹ); U6: (F: 5ʹ-CTCGCTTCGGCAGCACATATACTA-3ʹ and R: 5ʹ-ACGAATTTGCGTGTCATCCTTGCG-3ʹ).

RNase R Digestion Assay {#S0002-S2004}
-----------------------

Twenty μg total RNA was incubated with or without RNase R (20 mg/mL; Solarbio, Beijing, China) for 15 min at 37°C. Then, qRT-PCR was utilized to examine the levels of circ_0000517 and linear RPPH1 mRNA.

Actinomycin D Assay {#S0002-S2005}
-------------------

SNU-387 and Huh7 cells were placed into 24-well plates and incubated overnight. Then, cells were treated with 2 μg/mL Actinomycin D (Abcam, Cambridge, MA, USA) to block transcription for 0 h, 4 h, 8 h, 12 h and 24 h. Finally, the cells were harvested and qRT-PCR was employed to measure circ_0000517 and linear RPPH1 mRNA levels in cells.

Cell Transfection {#S0002-S2006}
-----------------

Small interfering RNA targeting circ_0000517 (si-circ_0000517) and its control (si-NC), short hairpin RNA targeting circ_0000517 (sh-circ_0000517) and its control (sh-NC), miR-1296-5p mimic and control mimic (miRNA NC), miR-1296-5p inhibitor and inhibitor NC, the overexpression vector of TXNDC5 (pc-TXNDC5) and its control (pc-NC), the overexpression vector of circ_0000517 (circ_0000517) and its control (pLVX) were synthesized by GeneCopoeia (Guangzhou, China). Cell transfection was conducted using Lipofectamine 2000 (Invitrogen).

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2007}
---------------------------------

The viability of SNU-387 and Huh7 cells was evaluated through CCK-8 assay kit (Beyotime, Shanghai, China) after indicated transfection. Firstly, cells were seeded into 96-well plates (2×10^3^ cells/well) and incubated for 72 h. Next, CCK-8 (5 mg/mL; Beyotime) was added to each well following incubation for an additional 4 h. At last, the optical density value was measured at 450 nm with a microplate reader (Bio-Rad, Hercules, CA, USA).

Flow Cytometry Analysis {#S0002-S2008}
-----------------------

To analyze the cell cycle, transfected SNU-387 and Huh7 cells were collected and fixed with ice-cold 75% ethanol at 4°C overnight. Next, cells were washed with PBS (Solarbio), resuspended in binding buffer and then incubated with propidium iodide (PI; Beyotime) and RNase (Solarbio) at room temperature for 30 min. Thereafter, the cell cycle was analyzed with a flow cytometer (BD Biosciences, San Jose, CA, USA).

For the detection of cell apoptosis, transfected SNU-387 and Huh7 cells were collected, washed and resuspended. Then, 5 μL Annexin V-fluorescein isothiocyanate (Beyotime) and 10 μL PI (Beyotime) were added into the cells and maintained in the dark for 15 min. The apoptosis rate was examined using a flow cytometer (BD Biosciences).

Colony Formation Assay {#S0002-S2009}
----------------------

Transfected SNU-387 and Huh7 cells were placed into 12-well plates (600 cells/well) and cultured in a complete medium at a condition of 37°C and 5% CO~2~. About 2 weeks later, cell clones were washed with PBS (Solarbio) and stained with 0.1% crystal violet (Solarbio). Next, the clones were imaged and counted by a microscope (Olympus, Tokyo, Japan).

Murine Xenograft Model {#S0002-S2010}
----------------------

Approximately 5×10^5^ Huh7 cells transfected with lentivirus-mediated sh-circ_0000517 or sh-NC were subcutaneously injected into the BALB/c nude mice (6-week-old; Shanghai Laboratory Animal Center, Shanghai, China). Then, tumor length (L) and width (W) were monitored weekly and tumor volume was calculated using the formula: (L×W^2^)/2. Tumors were harvested and weighed after inoculation for 4 weeks. The harvested samples were saved at −80°C for qRT-PCR assay. The animal experiments were conducted after approval was obtained from the Ethics Committee of Animal Research of China--Japan Union Hospital of Jilin University. All experimental procedures involving animals were conducted in accordance with the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and were performed according to the institutional ethical guidelines for animal experiments.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2011}
-----------------------------------

RIP assay was conducted using Magna RIP^TM^ RNA Binding Protein Immunoprecipitation Kit (Millipore, Bedford, MA, USA). Transfected SNU-387 and Huh7 cells were lysed in RIP buffer and cell lysates were maintained with magnetic beads conjugated with Anti-Argonaute2 (Anti-Ago2; Abcam) or Anti-immunoglobulin G (Anti-IgG; Abcam). Then, the samples were interacted with proteinase K (Solarbio) and immunoprecipitated RNAs were isolated. The RNAs were extracted and the levels of circ_0000517 and miR-1296-5p were measured via qRT-PCR.

Subcellular Fraction Assay {#S0002-S2012}
--------------------------

The separation of nuclear and cytosolic fractions was carried out with the PARIS Kit (Thermo Fisher Scientific) based on the protocols. The expression levels of GAPDH, U6, circ_0000517 and miR-1296-5p in the nuclear and cytoplasm of SNU-387 and Huh7 cells were measured by qRT-PCR. GAPDH and U6 were utilized as a control of cytoplasm transcript and nuclear transcript, respectively.

Dual-Luciferase Reporter Assay {#S0002-S2013}
------------------------------

Circ_0000517 or TXNDC5 3ʹTUR fragments including the predicted wild-type or mutant miR-1296-5p complementary sequences were synthesized and inserted into pGL3 plasmid (Promega, Madison, WI, USA), and the luciferase plasmids were named as WT-circ_0000517, MUT-circ_0000517, WT-TXNDC5-3ʹUTR and MUT-TXNDC5-3ʹUTR, respectively. Then, SNU-387 and Huh7 cells were transfected with miRNA NC or miR-1296-5p mimic together with the corresponding vector. After 48 h, firefly or renilla activity was examined by using the Dual-Luciferase Reporter Assay Kit (Promega).

Western Blot Assay {#S0002-S2014}
------------------

Total protein in tissues and cells were extracted with RIPA buffer (Beyotime) and determined by a BCA Protein Quantification Kit (Vazyme, Nanjing, China). Then, 30 μg proteins were separated by 10% sodium dodecyl sulfonate-polyacrylamide gel (SDS-PAGE; Solarbio) and transferred onto polyvinylidene difluoride membranes (Millipore). Next, the proteins were blocked in skim milk at room temperature for 1 h and incubated with primary antibody TXNDC5 (ab13820; Abcam) or GAPDH (ab9485; Abcam) at 4°C overnight. Following incubation with indicated secondary antibody (ab205719; Abcam) at room temperature for 2 h, the protein bands were visualized with an ECL Western blot kit (Beyotime).

Statistical Analysis {#S0002-S2015}
--------------------

Each experiment in our study was conducted in triplicate. The data were estimated using software GraphPad Prism 7 (GraphPad Inc., La Jolla, CA, USA) and presented as mean ± standard deviation (SD). Statistical differences were analyzed by Student's *t*-test or one-way analysis of variance (ANOVA). It was defined to be significant if *P*\<0.05.

Results {#S0003}
=======

Circ_0000517 Was Upregulated in HCC Tissues and Cells {#S0003-S2001}
-----------------------------------------------------

To explore the potential role of circ_0000517, the expression of circ_0000517 in HCC tissues and adjacent normal tissues was firstly tested by qRT-PCR assay. The data showed that circ_0000517 was highly expressed in HCC tissues in reference to normal tissues ([Figure 1A](#F0001){ref-type="fig"}). Moreover, we found that circ_0000517 expression in the patients with worse tumor-node-metastasis (TNM) stage was higher than in the better TNM stage ([Figure 1B](#F0001){ref-type="fig"}). In the meanwhile, we determined the expression level of circ_0000517 in HCC cells (SNU-387 and Huh7) and normal cells (THLE-2). The results of qRT-PCR exhibited that circ_0000517 was conspicuously elevated in HCC cells compared to THLE cells ([Figure 1C](#F0001){ref-type="fig"}). Next, the circular characteristics of circ_0000517 were confirmed by RNase R assay and Actinomycin D assay. The results of RNase R digestion assay exhibited that circ_0000517 was resistant to RNase R treatment in SNU-387 and Huh7 cells, while the level of its corresponding linear species (RPPH1 mRNA) was markedly reduced by RNase R digestion ([Figure 1D](#F0001){ref-type="fig"}). Actinomycin D assay indicated that circ_0000517 had a longer half-life compared to RPPH1 mRNA in SNU-387 and Huh7 cells ([Figure 1E](#F0001){ref-type="fig"}). In addition, total RNA in SNU-387 and Huh7 cells was reversely transcribed into cDNA with Random primers or Oligo (dt)~18~ primers and the qRT-PCR assay was conducted to measure the expression levels of circ_0000517 and linear RPPH1 mRNA. As we observed in ([Figure 1F](#F0001){ref-type="fig"}), Oligo (dt)~18~ primers reversely transcribed cDNA could barely amplify circ_0000517 when compared with Random primers reversely transcribed cDNA. Circ_0000517 was located in chromosome 14 and transcribed from the exon1 of RPPH1 gene ([Figure 1G](#F0001){ref-type="fig"}). All these data indicated that circ_0000517 was upregulated in HCC and more stable than linear RPPH1 mRNA.Figure 1High expression of circ_0000517 was observed in HCC tissues and cells. (**A**) The expression of circ_0000517 in HCC tissues and normal tissues was measured by qRT-PCR. (**B**) The expression of circ_0000517 in HCC tissues at different TNM stages (I-III) was determined by qRT-PCR. (**C**) The expression of circ_0000517 in THLE-2, SNU-387 and Huh7 cells was examined using qRT-PCR. (**D**) QRT-PCR was performed to determine the level of circ_0000517 and linear RPPH1 mRNA in SNU-387 and Huh7 cells treated with or without RNase R. (**E**) QRT-PCR assay was conducted to determine the levels of circ_0000517 and linear RPPH1 mRNA in SNU-387 and Huh7 cells after treated with Actinomycin D for 0 h, 4 h, 8 h, 12 h and 24 h. (**F**) The levels of circ_0000517 and linear RPPH1 mRNA were examined by qRT-PCR after total RNA was reversely transcribed using Random primers or Oligo (dt)18 primers. (**G**) The structure of circ_0000517 was shown. \*P\<0.05.

Circ_0000517 Knockdown Suppressed Cell Viability, Cell Cycle Process and Cell Colony Formation and Promoted Apoptosis in HCC Cells in vitro and Blocked Tumor Growth in vivo {#S0003-S2002}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In order to explore the exact functions of circ_0000517 in HCC progression, loss-of-function experiments were carried out by transfecting si-circ_0000517 or si-NC into SNU-387 and Huh7 cells. As presented in ([Figure 2A](#F0002){ref-type="fig"}), si-circ_0000517 transfection remarkably decreased circ_0000517 expression but did not affect linear RPPH1 mRNA expression in SNU-387 and Huh7 cells. The results of CCK-8 assay showed that compared to si-NC control groups, the viability of SNU-387 and Huh7 cells was evidently inhibited in si-circ_0000517 transfected groups ([Figure 2B](#F0002){ref-type="fig"}). Flow cytometry analysis indicated that the percentage of cells in G1/G0 phase was increased and the percentage of cells in S phase was decreased in SNU-387 and Huh7 cells after circ_0000517 knockdown compared to control group ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Colony formation assay displayed that circ_0000517 silencing markedly repressed the colony numbers of SNU-387 and Huh7 cells compared to si-NC control groups ([Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}). Compared to control groups, cell apoptosis in SNU-387 and Huh7 cells was remarkably promoted by circ_0000517 deficiency ([Figure 2G](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}). Subsequently, to investigate the effect of circ_0000517 on tumor growth in vivo, we constructed a murine xenograft model by injecting sh-NC or sh-circ_0000517 transfected Huh7 cells into the mice. Tumor volume was examined every 7 days and tumor weight was measured after 28 days of inoculation. The results implied that tumor volume and weight were distinctly blocked by circ_0000517 deficiency compared to control groups ([Figure 2I](#F0002){ref-type="fig"} and [J](#F0002){ref-type="fig"}). Moreover, we measured the expression level of circ_0000517 in the collected tumors and found that circ_0000517 was evidently reduced in the tumor samples of sh-circ_0000517 groups compared to sh-NC group ([Figure 2K](#F0002){ref-type="fig"}). To sum up, circ_0000517 could suppress HCC cell progression in vitro and tumorigenesis in vivo.Figure 2Circ_0000517 silencing hampered HCC cell viability and colony formation and induced cell cycle arrest and apoptosis in vitro and blocked tumor growth in vivo. (**A**-**H**) Si-NC or si-circ_0000517 was transfected into SNU-387 and Huh7 cells. (**A**) The expression of circ_0000517 in SNU-387 and Huh7 cells was detected via qRT-PCR. (**B**) The viability of SNU-387 and Huh7 cellswas assessed by CCK-8 assay. (**C** and **D**) Cell cycle in SNU-387 and Huh7 cells was analyzed by flow cytometry analysis. (**E** and **F**) Colony formation numbers of SNU-387 and Huh7 cells were examined by colony formation assay. (**G** and **H**) The apoptosis of SNU-387 and Huh7 cells was analyzed by flow cytometry analysis. (**I**-**K**) Huh7 cells were transfected with sh-NC or sh-circ_0000517 and then injected into mice. (**I**) Tumor volume was monitored every 7 days. (**J**) Tumor weight was examined after 28 days. (**K**) The level of circ_0000517 in the collected tissues was measured by qRT-PCR. \*P\<0.05.

Circ_0000517 Regulated HCC Cell Viability, Cell Cycle Process, Colony Formation and Apoptosis by Targeting miR-1296-5p {#S0003-S2003}
----------------------------------------------------------------------------------------------------------------------

Additionally, we found that miR-1296-5p was weakly expressed in HCC tissues and cells relative to corresponding normal tissues and cells ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). Thus, we wondered if there was a targeting relationship between circ_0000517 and miR-1296-5p. By searching software starBase 2.0, miR-1296-5p was found to contain the potential binding sites of circ_0000517 ([Figure 3C](#F0003){ref-type="fig"}). RIP assay displayed that circ_0000517 and miR-1296-5p were all notably enriched in SNU-387 and Huh7 cells after Anti-Ago2 RIP compared to Anti-IgG control group ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). The data of the subcellular fraction assay presented that circ_0000517 and miR-1296-5p were mainly enriched in the cytoplasm of SNU-387 and Huh7 cells, suggesting the possibility of circ_0000517 and miR-1296-5p combination in space ([Figure 3F](#F0003){ref-type="fig"}). As illustrated by dual-luciferase reporter assay, the luciferase activity in SNU-387 and Huh7 cells co-transfected with miR-1296-5p mimic and WT-circ_0000517 was obviously inhibited compared to that in miRNA NC and WT-circ_0000517 co-transfected cells, while the luciferase activity was not changed in MUT-circ_0000517 groups, indicating the combination between circ_0000517 and miR-1296-5p ([Figure 3G](#F0003){ref-type="fig"}). Thereafter, SNU-387 and Huh7 cells were divided into four groups: si-NC, si-circ_0000517, si-circ_0000517+inhibitor NC and si-circ_0000517+miR-1296-5p inhibitor. As we observed in ([Figure 3H](#F0003){ref-type="fig"}), circ_0000517 knockdown markedly increased the expression of miR-1296-5p in SNU-387 and Huh7 cells, whereas miR-1296-5p inhibitor transfection partially reversed the increase. Moreover, we found that the effects of circ_0000517 deficiency on cell viability, cell cycle process, colony formation ability and cell apoptosis were remarkably abrogated following miR-1296-5p inhibition in SNU-387 and Huh7 cells ([Figure 3I](#F0003){ref-type="fig"}--[M](#F0003){ref-type="fig"}). All these data demonstrated that circ_0000517 repressed HCC cell progression by binding to miR-1296-5p.Figure 3MiR-1296-5p was a target of circ_0000517 and the inhibitory effect of circ_0000517 knockdown on HCC cell progression was weakened by miR-1296-5p inhibition. (**A** and **B**) The expression level of miR-1296-5p in HCC tissues, cells (SNU-387 and Huh7 cells) and corresponding normal tissues and cells (THLE-2) was examined by qRT-PCR. (**C**) The potential binding sites between circ_0000517 and miR-1296-5p were predicted by starBase 2.0. (**D** and **E**) The levels of circ_0000517 and miR-1296 in Anti-Ago2/Anti-IgG immunoprecipitates in SNU-387 and Huh7 cells were measured by qRT-PCR following RIP assay. (**F**) The expression levels of circ_0000517 and miR-1296-5p in the nuclear and cytoplasm of SNU-387 and Huh7 cells were examined by qRT-PCR. (**G**) Dual-luciferase reporter assay was conducted for the luciferase activity in SNU-387 and Huh7 cells transfected with WT-circ_0000517/MUT-circ_0000517 and miRNA NC/miR-1296-5p mimic. (**H**-**M**) SNU-387 and Huh7 cells were transfected with si-NC, si-circ_0000517, si-circ_0000517+inhibitor NC and si-circ_0000517+miR-1296-5p inhibitor. (**H**) The expression of miR-1296-5p in SNU-387 and Huh7 cells was determined using qRT-PCR. (**I**) CCK-8 assay was adopted for the viability of SNU-387 and Huh7 cells. (**J** and **K**) Flow cytometry analysis was employed to analyze cell cycle process in SNU-387 and Huh7 cells. (**L**) Colony formation assay was performed for cell colony formation ability in SNU-387 and Huh7 cells. (**M**) Flow cytometry analysis was employed to evaluate the apoptosis SNU-387 and Huh7 cells. \*P\<0.05.

MiR-1296-5p Inhibited HCC Cell Progression by Interacting with TXNDC5 {#S0003-S2004}
---------------------------------------------------------------------

To further explore the potential regulatory mechanism of circ_0000517 in HCC, we searched starBase 2.0 and found TXNDC5 might be a target gene of miR-1296-5p ([Figure 4A](#F0004){ref-type="fig"}). Dual-luciferase reporter assay indicated that the co-transfection of WT-TXNDC5-3ʹUTR and miR-1296-5p mimic led to a distinct suppression in the luciferase activity in SNU-387 and Huh7 cells compared to WT-TXNDC5-3ʹUTR and miRNA NC co-transfected groups, while no change was observed in MUT-TXNDC5-3ʹUTR groups, confirming the combination between miR-1296-5p and TXNDC5 ([Figure 4B](#F0004){ref-type="fig"}). Next, we examined the protein level of TXNDC5 in HCC tissues and cells via Western blot assay. As expected, TXNDC5 protein level was drastically raised in HCC tissues and cells relative to normal tissues and cells ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). Then, we knocked known TXNDC5 expression by transfecting si-TXNDC5 into SNU-387 and Huh7 cells. We found that TXNDC5 knockdown suppressed cell viability, colony formation and cell cycle process and facilitated apoptosis in SNU-387 and Huh7 cells ([[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=244024.docx)]{.ul}). Moreover, we observed that TXNDC5 expression was elevated in SNU-387 and Huh7 cells following pc-TXNDC5 transfection compared to pc-NC groups ([Figure 4E](#F0004){ref-type="fig"}). Subsequently, SNU-387 and Huh7 cells were transfected with miRNA NC, miR-1296-5p mimic, miR-1296-5p mimic+pc-NC or miR-1296-5p mimic+pc-TXNDC5 to explore the relationship between miR-1296-5p and TXNDC5. As shown in ([Figure 4F](#F0004){ref-type="fig"}), miR-1296-5p mimic transfection markedly reduced the protein level of TXNDC5 in SNU-387 and Huh7 cells, while pc-TXNDC5 transfection partly reversed the reduction. CCK-8 assay indicated that miR-1296-5p resulted in an obvious suppression in the viability of SNU-387 and Huh7 cells, while TXNDC5 overexpression abolished the effect ([Figure 4G](#F0004){ref-type="fig"}). Flow cytometry analysis exhibited that the cell cycle was arrested by miR-1296-5p in SNU-387 and Huh7 cells, while the impact was ameliorated following the elevation of TXNDC5 ([Figure 4H](#F0004){ref-type="fig"} and [I](#F0004){ref-type="fig"}). The colony formation ability of SNU-387 and Huh7 cells was strikingly repressed by miR-1296-5p, but TXNDC5 overexpression partly abolished the repression, as demonstrated by colony formation assay ([Figure 4J](#F0004){ref-type="fig"}). Moreover, TXNDC5 overexpression effectively attenuated the promotional effect of miR-1296-5p on cell apoptosis in SNU-387 and Huh7 cells ([Figure 4K](#F0004){ref-type="fig"}). Collectively, TXNDC5 overexpression rescued the inhibitory impact of miR-1296-5p on HCC cell progression.Figure 4MiR-1296-5p regulated HCC cell viability, cell cycle process, colony formation and apoptosis by targeting TXNDC5.(**A**) The complementary sequences between miR-1296-5p and TXNDC5 were presented. (**B**) The targeting relationship between miR-1296-5p and TXNDC5 was verified by dual-luciferase reporter assay. (**C** and **D**) The protein level of TXNDC5 in HCC tissues, cells and corresponding normal tissues and cells was measured using western blot assay. (**E**) The protein level of TXNDC5 in SNU-387 and Huh7 cells transfected with pc-NC or pc-TXNDC5 was determined through western blot assay. (**F**-**K**) SNU-387 and Huh7 cells were transfected with miRNA NC, miR-1296-5p mimic, miR-1296-5p mimic+pc-NC or miR-1296-5p mimic+pc-TXNDC5. (**F**) The protein level of TXNDC5 in SNU-387 and Huh7 cells was measured by western blot assay. (**G**) Cell viability in SNU-387 and Huh7 cells was analyzed by CCK-8 assay. (**H** and **I**) Cell cycle in SNU-387 and Huh7 cells was analyzed through flow cytometry analysis. (**J**) Cell colony formation ability was evaluated by colony formation assay. (**K**) Cell apoptosis in SNU-387 and Huh7 cells was assessed via flow cytometry analysis. \*P\<0.05.

Upregulation of TXNDC5 Abrogated the Effects of Circ_0000517 Silencing on Cell Viability, Cell Colony Formation, Cell Cycle Process and Apoptosis in HCC Cells {#S0003-S2005}
--------------------------------------------------------------------------------------------------------------------------------------------------------------

To further investigate the relationship between circ_0000517 and TXNDC5 in HCC cells, SNU-387 and Huh7 cells were assigned to si-NC, si-circ_0000517, si-circ_0000517+pc-NC and si-circ_0000517+pc-TXNDC5 groups. The analysis of TXNDC5 protein level showed that circ_0000517 deficiency triggered a marked downregulation of TXNDC5 level in SNU-387 and Huh7 cells, whereas this effect was abolished following TXNDC5 overexpression ([Figure 5A](#F0005){ref-type="fig"}). Moreover, we found that circ_0000517 knockdown evidently repressed cell viability and cell colony formation and induced cell cycle arrest and cell apoptosis in SNU-387 and Huh7 cells, while TXNDC5 overexpression effectively weakened these impacts ([Figure 5B](#F0005){ref-type="fig"}--[F](#F0005){ref-type="fig"}). The outcomes implicated that circ_0000517 knockdown impeded HCC cell progression by downregulating TXNDC5 expression.Figure 5The suppressive role of circ_0000517 knockdown in HCC cell progression was reversed by TXNDC5 elevation. SNU-387 and Huh7 cells were transfected with si-NC, si-circ_0000517, si-circ_0000517+pc-NC or si-circ_0000517+pc-TXNDC5. (**A**) The protein level of TXNDC5 in SNU-387 and Huh7 cells was measured by western blot assay. (**B**) The viability of SNU-387 and Huh7 cells was assessed by CCK-8 assay. (**C**) The colony formation ability of SNU-387 and Huh7 cells was evaluated by cell colony formation assay. (**D**-**F**) Cell cycle and cell apoptosis in SNU-387 and Huh7 cells were analyzed by flow cytometry analysis. \*P\<0.05.

Circ_0000517 Positively Regulated TXNDC5 Expression by Targeting miR-1296 {#S0003-S2006}
-------------------------------------------------------------------------

In order to explore the association among circ_0000517, miR-1296-5p and TXNDC5, luciferase reporter vector WT-TXNDC5-3ʹUTR together with indicated vectors or miRNA mimics were transfected into SNU-387 and Huh7 cells and then the luciferase activity was examined. The data showed that circ_0000517 overexpression apparently increased the luciferase activity, indicating TXNDC5 level was increased; however, miR-1296-5p mimic transfection reversed the increase of the luciferase activity. Moreover, we found the luciferase activity in SNU-387 and Huh7 cells transfected with WT-TXNDC5-3ʹUTR+control vector of circ_0000517 (pLVX)+miR-1296-5p mimic was reduced compared to cells transfected with WT-TXNDC5-3ʹUTR+overexpression vector of circ_0000517 (circ_0000517)+miR-1296-5p mimic or WT-TXNDC5-3ʹUTR+ control vector of circ_0000517 (pLVX)+miRNA NC ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). Additionally, Western blot assay indicated that circ_0000517 knockdown strikingly decreased the protein level of TXNDC5 in SNU-387 and Huh7 cells, while miR-1296-5p deletion restored the effect ([Figure 6C](#F0006){ref-type="fig"}). The above data suggested that circ_0000517 could upregulate TXNDC5 expression via targeting miR-1296-5p in HCC cells.Figure 6Circ_0000517 promoted TXNDC5 expression by binding to miR-1296-5p in HCC cells.(**A** and **B**) The luciferase reporter vectorWT-TXNDC5-3'UTR together with relevant vectors and miRNA mimics were transfected into SNU-387 and Huh7 cells and then the luciferase activity was determined. (**C**) SNU-387 and Huh7 cells were transfected with si-NC, si-circ_0000517, si-circ_0000517+inhibitor NC or si-circ_0000517+miR-1296-5p inhibitor and then the protein level of TXNDC5 was measured by western blot assay. \*P\<0.05.

Discussion {#S0004}
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As more and more circRNAs were discovered, the effects of circRNAs in cancers gradually attracted researchers' attention. Herein, we mainly investigated the functional roles of circ_0000517 in HCC. We observed that circ_0000517 was elevated in HCC. Circ_0000517 silencing impeded HCC cell viability, cell cycle process and colony formation and facilitated apoptosis. Moreover, a novel regulatory network circ_0000517/miR-1296-5p/TXNDC5 axis was established in HCC.

It is acknowledged that various circRNAs are dysregulated and closely related to HCC development.[@CIT0020] Yao et al suggested that circ_0001955 level was raised in HCC and circ_0001955 deficiency hampered HCC cell proliferation and colony formation in vivo and tumorigenesis in vivo.[@CIT0021] Li et al revealed that circ_0085616 was elevated in HCC and accelerated cell growth, motility and cell cycle process and hampered apoptosis in HCC cells.[@CIT0022] Though Wang et al suggested that circ_0000517 was conspicuously increased in HCC,[@CIT0012] the cellular functions of circ_0000517 have not been identified. In this research, a high expression of circ_0000517 in HCC tissues and cells was observed. By loss-of-function experiments, we demonstrated that circ_0000517 knockdown led to noteworthy repression in cell viability, colony number and cell cycle process and a marked enhancement in cell apoptosis in HCC cells in vitro. Additionally, circ_0000517 knockdown blocked tumorigenesis in vivo. All these data indicated that circ_0000517 played a tumorigenic role in HCC.

Accumulating evidence suggests that circRNAs can act as competitive endogenous RNAs to sponge miRNAs and then alter their functions.[@CIT0023] Using bioinformatic software, dual-luciferase reporter assay and RIP assay, we proved that miR-1296-5p was a target of circ_0000517. We observed that miR-1296-5p was weakly expressed in HCC tissues and cells. MiR-1296-5p overexpression impeded HCC cell growth and enhanced apoptosis. Moreover, miR-1296-5p deletion rescued the suppressive role of circ_0000517 silencing on HCC cell progression, indicating that circ_0000517 could take part in the regulation of HCC development via targeting miR-1296-5p.

MiR-1296-5p has been confirmed to function as a tumor suppressor by interacting with targeted genes. For example, Jia et al unraveled that miR-1296-5p level was diminished in gastric cancer (GC) and its elevation repressed GC cell proliferation and motility by binding to CDK6 and EGFR.[@CIT0024] Chen et al claimed that miR-1296-5p impeded breast cancer cell growth via targeting ERBB2/mTORC1 pathway.[@CIT0025] Moreover, Xu et al proved that miR-1296 was reduced in HCC and overexpression of miR-1296 repressed HCC motility through interacting with SRPK1/AKT pathway.[@CIT0017] In the research, TXNDC5 was a target gene of miR-1296-5p. Zhang et al uncovered that TXNDC5 overexpression suppressed GC cell apoptosis and facilitated colony formation and metastasis.[@CIT0026] Yu et al disclosed that miR-218-5p hampered HCC cell proliferation and motility and accelerated apoptosis, whereas TXNDC5 elevation overturned the impacts.[@CIT0027] Herein, we found that TXNDC5 was elevated in HCC. TXNDC5 elevation abrogated the impacts of miR-1296-5p overexpression or circ_0000517 deletion on cell viability, cell cycle, colony formation and apoptosis in HCC cells. Moreover, circ_0000517 could upregulate TXNDC5 expression via targeting miR-1296-5p.

Taken together, our findings illuminated that circ_0000517 was drastically upregulated in HCC and it could sponge miR-1296-5p to alter TXNDC5 expression. Moreover, circ_0000517 contributed to HCC progression via regulating miR-1296-5p/TXNDC5 axis, indicating that circ_0000517 could be a potential new target for HCC treatment.
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